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Surface water in the United States is a severely impacted natural resource due to 
nonpoint source (NPS) pollution from agricultural runoff Consequently, the accurate 
assessment of watershed hydrologic flow processes has become increasingly important for 
siting effective water resource management strategies. Recently, computer hydrologic 
simulation models have replaced some labor-intensive evaluation methods. However, many 
of these hydrologic models have become complex and difficult to use. With the integration 
of hydrologic models and Geographic Information Systems (GIS), large hydrologic data sets 
can be more efficiently managed and analyzed. This study used GIS and integrated 
hydrologic modeling functions to estimate surface flowpaths and sub-basins for the Bear 
Creek watershed study area in central Iowa. Primary input data for the hydrologic modeling 
process were 30- X 30-m and 80- X 80-m grid cell-size digital elevation models (DEMs). 
Other spatial data used in the GIS analysis were stream channel, hydric soils, watershed 
boundary, subsurface tile drain, and drainage district sub-basin (DDSB) coverages. Results 
for the Bear Creek study area using 30-m DEM data showed good spatial correspondence 
between estimated surface flowpaths and subsurface tile drains. Estimated sub-basins also 
corresponded well to DDSBs for the Bear Creek study area using the 30-m DEM. 
However, results for the Bear Creek study area using 80-m DEM data showed poor 
correspondence between estimated surface flowpaths and subsurface tile drains. Similarly, 
estimated sub-basins corresponded poorly to DDSBs using the 80-m DEM. These initial 
results suggest the 30-m Bear Creek DEM may provide sufficient data resolution for 
V 
estimating surface flowpaths and sub-basins that approximate subsurface tile drains and 
DDSBs, respectively. Therefore, further research should be considered to determine 
benefits and limitations of this GIS hydrologic modeling approach for estimating surface 
flowpaths and sub-basins in other central Iowa watersheds. 
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GENERAL INTRODUCTION 
Surface water in the United States is a severely impacted natural resource due to 
nonpoint source (NPS) pollution. Agriculture is a major NPS contributor, accounting for 
64% of this pollution (Welsch, 1991). Consequently, the accurate assessment of watershed 
hydrologic flow processes has become increasingly important for siting effective water 
resource management strategies. An important component of site evaluation generally has 
been the use of field observations and long-term, on-site monitoring. Recent advancements 
in computer hydrologic models have resulted in the replacement of some labor-intensive 
field observation methods, providing a more efficient alternative. 
Hydro logic models are a set of mathematical equations used to describe 
interrelationships among various components of the hydrologic cycle (Reungsang, 1998). 
Hydrologic models have been used since the late 1960s to simulate watershed flow 
processes. Although the accuracy of these models has generally improved, they also have 
become increasingly complex and difficult to use. The integration of complex hydrologic 
models and Geographic Information Systems (GIS) has significantly improved simulation 
modeling by allowing modelers to more efficiently manage and analyze large volumes of 
hydrologic data (Stuebe and Johnston, 1990). 
This study used GIS integrated hydrologic modeling functions and digital elevation 
data to estimate surface flowpaths and sub-basins for the Bear Creek watershed study area 
in central Iowa. The integrated hydrologic modeling functions are user-enhanced watershed 
surface modeling tools that describe the physical components of a watershed surface and 
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simulate how water will flow across that surface (ESRI, 1996). The primary input data for 
the hydrologic modeling process were digital elevation models (DEMs). DEMs are digital 
files consisting of terrain elevations for ground positions at regularly spaced horizontal 
intervals (USGS, 2000). The DEMs used in this study were of7.5-minute area coverage 
(corresponding to the USGS 7.5-minute topographic quadrangle series maps) with 30- X 
30-m and 80- X 80-m data sampling grids. 
Thesis Organization 
This thesis includes the candidate's original work on using a specialized GIS 
hydrologic modeling application to estimate surface flowpaths and sub-basins of Bear Creek 
watershed in central Iowa. The thesis contains one manuscript written by the author in a 
format suitable for publication in a refereed journal. The manuscript entitled "Comparing 
estimated surface flowpaths and sub-basins derived from digital elevation models of Bear 
Creek watershed in central Iowa" was written for submission to the Journal of Soil and 
Water Conservation. 
The manuscript contains an abstract, introduction, materials and methods, results, 
discussion, and references. The manuscript is preceded by an abstract, general introduction, 
and literature review, and is followed by a general discussion section. 
Objectives 
The overall goal of this research was to evaluate the effectiveness of a GIS 
hydrologic modeling and overlay analysis procedure by comparing estimated flowpaths and 
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sub-basins derived from DEMs of the Bear Creek watershed study area. The specific 
objectives of this research were to: 
1. Estimate surface tlowpaths and sub-basins using GIS hydrologic modeling functions 
and 30- and 80-m DEM data for the Bear Creek watershed study area in central 
Iowa. 
2. Determine how well estimated surface tlowpaths and sub-basins correspond to 
subsurface tile drains and drainage district sub-basins (DDSBs), respectively, in the 
watershed study area. 
3. Compare the correspondence of estimated surface tlowpaths and sub-basins to 
subsurface tile drains and DDSBs, respectively, for 30- and 80-m DEMs. 
Description of Study Area 
The study area used in this research is located in the upper reach of Bear Creek 
watershed in the Des Moines Lobe landform (Prior, 1991) in central Iowa, USA. The 
watershed is a typical drainage basin with gentle to moderate relief and a mean catchment 
slope value of 0.38% (Gordon et al., 1992). The Bear Creek watershed occupies 7660 ha in 
Story, Hamilton, and Hardin counties (42°11 'N, 93°29'W) and lies in a predominantly 
agricultural landscape. Although the watershed was historically comprised of herbaceous 
prairie vegetation in the uplands and woody vegetation in the lower riparian areas, 
approximately 87% is in com and soybean row crops today (Schultz et al. , 1995). 
The major soil association in the Bear Creek watershed is the Clarion-Webster-
Nicollet association with lesser areas of Clarion-Storden-Coland and Canisteo-Okoboji-
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Nicollet associations (DeWitt, 1984). Specific hydric soils include depression soils Okoboji 
and Harps and upland/channel soils Webster, Coland, Terril, Spillville, Canisteo, and Hanlon 
(DeWitt, 1984; Dideriksen, 1986; Voy, 1985). 
References 
DeWitt, T. A 1984. Soil Survey of Story County, Iowa. USDA Soil Conservation 
Service, Washington, D.C. 
Dideriksen, R. 0. 1986. Soil Survey of Hamilton County, Iowa. USDA Soil Conservation 
Service, Washington, D.C. 
ESRI. 1996. ArcView Spatial Analyst: Advanced spatial analysis using raster and vector 
data. Environmental Systems Research Institute, Inc. Redlands, CA 
Gordon, N. D., T. A McMahon, and B. L. Finlayson. 1992. Stream Hydrology: An 
Introduction for Ecologists. Centre for Environmental Applied Hydrology, 
University of Melbourne. Melbourne, Australia. John Wiley and Sons Ltd., 
Chichester, England. 
Prior, J.C. 1991. Landforms oflowa. Geological Survey Bureau, Iowa Department of 
Natural Resources. University oflowa Press, Iowa City, IA 
Reungsang, P. 1998. Integrated modeling of surface water hydrology using Arc View GIS. 
M. S. Thesis. Iowa State University, Ames, IA 
Schultz, R. C., J.P. Colletti, T. M. Isenhart, W.W. Simpkins, C. W. Mize, and M. L. 
Thompson. 1995. Design and placement of a multi-species riparian buffer strip 
system. Agroforestry Systems 29:201-226. 
5 
Stuebe, M. M., and D. M. Johnston. 1990. Runoff volume estimation using GIS 
techniques. Water Res. Bulletin 26(4):611-620. 
USGS. 2000. Digital Elevation Models. U. S. Geological Survey Rocky Mountain 
Mapping Center. http://mapping.usgs.gov 
Voy, K. D. 1985. Soil Survey of Hamilton County, Iowa. USDA Soil Conservation 
Service, Washington, D.C. 
Welsch, D. J. 1991 . Riparian Forest Buffers: Function and Design for Protection and 





Watersheds of central Iowa are part of the Des Moines Lobe landform or "prairie 
pothole" region (Kantrud and Stewart, 1977; Prior, 1991). This region's landscape is the 
result of the Wisconsinan glacial period that occurred 12,000 to 14,000 years ago. Because 
of the recent occurrence of this glacial episode in Iowa, the land surface of the Des Moines 
Lobe landform today appears nearly as the glacial ice left it (Prior, 1991). Its relatively 
young landscape is comprised mostly of poorly-developed stream networks and numerous 
wetlands and wet depressions. Although this prairie pothole landscape is conducive to 
excellent wetland habitat, incomplete surface drainage is a serious impediment to 
agricultural production. Consequently, many of the region's native wetlands were drained 
as agriculture grew more important (Prior, 1991). 
Millions of acres of Midwest agricultural land have been drained artificially over the 
last 100 years to accelerate the removal of water from the soil surface and subsurface 
(Campbell and Johnson, 1975). One widely-used drainage technique employs subsurface 
tile drains to remove excess water from the surface and crop root zone (Schwab et al., 
1985). Central Iowa cropland is predominantly drained by subsurface tile drains, and many 
counties have established several surface and subsurface drainage systems since the early 
1900s that are organized within legal drainage district boundaries. Although tile drains have 
improved soil drainage and crop growing conditions, they also have contributed to stream 
runoff and increased nitrate concentrations. High nitrate levels in subsurface tile drains are 
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considered to be the reason for significant nitrate levels in streams (Baker et al., 1975), and 
the presence of agricultural contaminants in subsurface tile drains is well documented 
(Bolton et al., 1970; Botcher et al., 1981; Abrams and Jarrell, 1995; Addiscott et al., 2000). 
To remove agricultural contaminants, several water quality management strategies have 
been developed including specially restored and constructed wetlands (Gilliam, 1994; 
DeLaney, 1995). 
The methods of evaluating hydrologic processes for siting water quality management 
strategies traditionally included the use of field observations and long-term, on-site 
monitoring. Advancements in computer hydrologic models have resulted in the replacement 
of some labor-intensive field observation methods. A hydrologic model is a set of 
mathematical equations that is used to explain the interrelationships between different 
components of the hydrologic cycle (Reungsang, 1998). Several hydrologic models have 
been developed since the late 1960s to simulate hydrologic flow processes (Freeze and 
Harlan, 1969; Huggins et al. , 1975; Bevin and O'Connell, 1982; Chen, 1995). The 
development of a hydro logic model begins with the identification of the most important 
input variables that influence surface water flow. These are generally topography, 
landcover, soil type, and precipitation. Numerous hydrologic models have been developed 
to predict hydrologic processes at various space and time scales and with increasing levels 
of complexity (Reungsang, 1998). 
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Hydrologic Modeling and GIS 
As hydrologic simulation models became more complex, they required increasingly 
larger volumes of input data. These data, which can use different digital files and formats, 
often are difficult to manage for hydrologic modeling applications. Consequently, this lack 
of data handling efficiency has severely limited the use of many hydrologic simulation 
models. Recent developments in integrating complex hydrologic models with GIS and 
standardizing input data formats significantly improve the hydrologic modeling process, 
allowing users to integrate large amounts of spatially referenced data (Reungsang, 1998). 
GIS is a computer-based system, consisting of hardware and software that facilitate 
the capture, management, manipulation, analysis, and display of spatially geo-referenced 
data (Aronoff, 1989). GIS consists of two main data models: vector and raster. Vector 
data represents real-world objects as points and various sized lines and polygons. Raster 
data objects are composed of grid cells defined by rows and columns that correspond to a 
coordinate reference system. Although raster data requires greater memory storage 
capacity compared to vector data, raster data management is more efficient and is preferred 
by GIS environmental modelers (Reungsang, 1998). With additional improvements in GIS 
to store, retrieve, manipulate, and transform data, hydrologic simulation models function 
more efficiently and are easier to use when coupled to a GIS (Stuebe and Johnston, 1990). 
However, a significant limitation to accurate hydrologic modeling is insufficient 
resolution of elevation input data such as raster-based DEMs. A data resolution problem 
generally occurs when the raster or grid cell size and elevation intervals are too large to 
render certain horizontal and vertical changes in the landscape. This can result in poorly 
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estimated surface flowpaths and sub-basins, and the problem can be exacerbated by low-
relieflandscapes (Wang and Yin, 1998; Richardson and Gatti, 1999). 
This study used a recently developed GIS hydrologic modeling functions process 
that uses raster or grid-cell input data. The GIS hydrologic modeling software includes 
several functions that facilitate raster-based hydrologic and environmental simulation 
modeling. Hydrologic modeling functions are user-enhanced watershed surface modeling 
tools that reside in the GIS hydrologic modeling software interface. These hydrologic 
modeling functions include FlowDirection, ldentifySinks, FillSinks, Flow Accumulation, 
StreamNetwork, and Basin (ESRI, 1996). Primary input data for hydrologic modeling 
functions include raster-based DEMs, but the GIS hydrologic modeling software package 
also can manipulate vector data for use in overlay analyses. 
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COMPARING ESTIMATED SURFACE FLOWPATHS AND SUB-
BASINS DERIVED FROM DIGITAL ELEVATION MODELS OF 
BEAR CREEK WATERSHED IN CENTRAL IOWA 
A paper to be submitted to Journal of Soil and Water Conservation 
D.F. Webber, W.G. Crumpton, R.C. Schultz, S.E. Jungst, and U.S. Tim 
Abstract 
Surface water in the United States is a severely impacted natural resource due to 
nonpoint source (NPS) pollution from agricultural runoff. Consequently, the accurate 
assessment of watershed hydrologic flow processes has become increasingly important for 
siting effective water resource management strategies. Recently, computer hydrologic 
simulation models have replaced some labor-intensive evaluation methods. However, many 
of these hydrologic models have become complex and difficult to use. With the integration 
of hydrologic models and Geographic Information Systems (GIS), large hydrologic data sets 
can be more efficiently managed and analyzed. This study used GIS and integrated 
hydrologic modeling functions to estimate surface flowpaths and sub-basins for the Bear 
Creek watershed study area in central Iowa. Primary input data for the hydrologic modeling 
process were 30- X 30-m and 80- X 80-m grid cell-size digital elevation models (DEMs). 
Other spatial data used in the GIS analysis were stream channel, hydric soils, watershed 
boundary, subsurface tile drain, and drainage district sub-basin (DDSB) coverages. Results 
for the Bear Creek study area using 30-m DEM data showed good spatial correspondence 
between estimated surface flowpaths and subsurface tile drains. Estimated sub-basins also 
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corresponded well to DDSBs for the Bear Creek study area using the 30-m DEM. 
However, results for the Bear Creek study area using 80-m DEM data showed poor 
correspondence between estimated surface flowpaths and subsurface tile drains. Similarly, 
estimated sub-basins corresponded poorly to DDSBs using the 80-m DEM. These initial 
results suggest the 30-m Bear Creek DEM may provide sufficient data resolution for 
estimating surface flowpaths and sub-basins that approximate subsurface tile drains and 
DDSBs, respectively. Therefore, further research should be considered to determine 
benefits and limitations of this GIS hydrologic modeling approach for estimating surface 
flowpaths and sub-basins in other central Iowa watersheds. 
Introduction 
Surface water in the United States is a severely impacted natural resource due to 
NPS pollution. Agriculture is a major NPS contributor, accounting for 64% of this 
pollution (Welsch, 1991). Consequently, the accurate assessment of watershed hydrologic 
flow processes has become increasingly important for siting effective water resource 
management strategies. An important component of site evaluation generally has been the 
use of field observations and long-term, on-site monitoring. Recent advancements in 
computer hydrologic models have resulted in the replacement of some labor-intensive field 
observation methods, providing a more efficient alternative. 
Hydro logic models are a set of mathematical equations used to describe 
interrelationships among various components of the hydrologic cycle (Reungsang, 1998). 
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Hydrologic models have been used since the late 1960s to simulate watershed flow 
processes. Although the accuracy of these models has generally improved, they also have 
become increasingly complex and difficult to use. The integration of complex hydrologic 
models and GIS has significantly improved simulation modeling by allowing modelers to 
more efficiently manage and analyze large volumes of hydrologic data (Stuebe and Johnston, 
1990). 
This study used GIS integrated hydrologic modeling functions and digital elevation 
data to estimate surface flowpaths and sub-basins for the Bear Creek watershed study area 
in central Iowa. The integrated hydrologic modeling functions are user-enhanced watershed 
surface modeling tools that describe the physical components of a watershed surface and 
simulate how water will flow across that surface (ESRI, 1996). The primary input data for 
the hydrologic modeling process were digital elevation models (DEMs ). DEMs are digital 
files consisting of terrain elevations for ground positions at regularly spaced horizontal 
intervals (USGS, 2000). The DEMs used in this study were of7.5-minute area coverage 
(corresponding to the USGS 7.5-minute topographic quadrangle series maps) with 30- X 
30-m and 80- X 80-m data sampling grids. 
The overall goal of this research was to evaluate the effectiveness of a GIS 
hydrologic modeling and overlay analysis procedure by comparing estimated flowpaths and 
sub-basins derived from DEMs of the Bear Creek watershed study area. The specific 
objectives of this research were to: 
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1. Estimate surface flowpaths and sub-basins using GIS hydrologic modeling functions 
and 30- and 80-m DEM data for the Bear Creek watershed study area in central 
Iowa. 
2. Determine how well estimated surface flowpaths and sub-basins correspond to 
subsurface tile drains and DDSBs, respectively, in the watershed study area. 
3. Compare the correspondence of estimated surface flowpaths and sub-basins to 
subsurface tile drains and DDSBs, respectively, for 30- and 80-m DEMs. 
Materials and Methods 
The study area used in this research is located in the upper reach of Bear Creek 
watershed in the Des Moines Lobe landform (Prior, 1991) in central Iowa, USA (Fig. 1). 
The watershed is a typical drainage basin with gentle to moderate relief and a mean 
catchment slope value of 0.38% (Gordon et al., 1992). The Bear Creek watershed occupies 
7660 ha in Story, Hamilton, and Hardin counties (42°11 'N, 93°29'W) and lies in a 
predominantly agricultural landscape. Although the watershed was historically comprised of 
herbaceous prairie vegetation in the uplands and woody vegetation in the lower riparian 
areas, approximately 87% is in com and soybean row crops today (Schultz et al., 1995). 
The major soil association in the Bear Creek watershed is the Clarion-Webster-
Nicollet association with lesser areas of Clarion-Storden-Coland and Canisteo-Okoboji-
Nicollet associations (DeWitt, 1984). Specific hydric soils include depression soils Okoboji 
and Harps and upland/channel soils Webster, Coland, Terril, Spillville, Canisteo, and Hanlon 
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(DeWitt, 1984; Dideriksen, 1986; Voy, 1985). Depression, upland/channel, and non-hydric 
soils, as well as stream channels and subsurface tile drains for the study area are shown in 
Fig. 2. The boundary lines for the Hamilton County, Iowa, DDSBs 102, 124, and 216 also 
are shown in Fig. 2. 
This study used ArcView version 3.2 GIS and the Spatial Analyst Extension 
program (ESRI, 1999) to prepare spatial input data and generate and analyze watershed 
hydrologic modeling output. The Spatial Analyst Extension is a specialized GIS program 
that uses raster (grid-cell) data, as well as vector data that is already supported by Arc View 
GIS. GIS digital data and sources are listed in Table 1. Raster data preparation involved 
downloading Iowa DEM input data from the USGS website http://mapping.usgs.gov (Fig. 
3). 
The individual watershed DEM for Bear Creek was then "clipped" from the Iowa 
DEM data using the respective watershed boundary vector coverage (Fig. 3). CLIP is an 
ARC/INFO GIS data management utility that allows one form of spatial data (in this case, 
the watershed boundary coverage) to "cookie cut" the corresponding area from the larger 
Iowa DEM data (ESRI, 1992). This produces a DEM with an identical map boundary as 
the watershed boundary coverage (Fig. 3). The CLIP procedure in this study was done 
using the CON utility in Arc View GIS (P. Reungsang, per comm.). 
In addition to the watershed boundary coverage used for the DEM data preparation, 
other vector data used in this study were obtained from archived GIS data and include 
stream channels, hydric soils, subsurface tile drains, and DDSBs. The hydric soils data also 
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are from coverages that are available online (www.igsb.uiowa.edu/nrgis/county. htm) and 
can be clipped in a similar manner to the DEM data preparation procedure. 
Estimation of watershed surface flowpaths and sub-basins was conducted using the 
Arc View Spatial Analyst GIS hydrologic modeling functions described in ESRI (1996) and 
outlined in Table 2. These hydrologic modeling functions include FlowDirection, 
IdentifySinks, FillSinks, FlowAccumulation, StreamNetwork, and Basin. These 
functions were used in a stepwise sequence with the clipped watershed DEM input data to 
produce estimated surface flowpath and sub-basin output. The following steps describe this 
sequence and how watershed DEM data are used to estimate these hydrologic features. 
After loading the watershed DEM data into Arc View Spatial Analyst GIS, step one 
involved using the Flow Direction function. This function calculates the directions water 
would flow out of each grid cell to eight neighboring cells in the watershed DEM. The flow 
direction output is an integer grid whose sum values range from 1 to 255 (Fig. 4). The 
direction of flow is calculated from the elevation grid (DEM) by finding the steepest descent 
from each cell, producing a flow direction grid (Fig. 5). Note the small flow direction 
arrows in the DEM and Flow Direction grids in Fig. 5. The elevation value of each cell is 
referred to as the "z" value. The direction of flow is calculated as: drop = change in z value 
/ distance * 100. The distance is determined between cell centers. For example, if the cell 
size is 1, the distance between two orthogonal cells is 1 and the distance between two 
diagonal cells is 1.414214. If the descent to all adjacent cells is the same, the neighborhood 
is enlarged until a steepest descent is found (Jenson and Domingue, 1988). 
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If a cell has a z value lower than its eight neighbors, that cell is given the value of its 
lowest neighbor and flow is defined towards this cell. If a cell has the same change in z 
value in multiple directions and that cell is part of a sink, the flow direction is referred to as 
undefined. In this case, the value for that cell in the Flow Direction grid will be the sum of 
those directions. For example, if the change in z value is the same both to the right (flow 
direction = 1) and down (flow direction = 4), the flow direction value for that cell is 1 + 4 = 
5. Cells with undefined flow direction can be flagged as sinks using the ldentifySinks 
function (ESRI, 1999). If a cell has the same change in z value in multiple directions and is 
not part of a sink, the flow direction is assigned with a lookup table defining the most likely 
direction (Greenlee, 1987). 
Step two used the IdentifySinks function to create a grid identifying all sinks, or 
areas of internal drainage from the original watershed DEM. The output for the 
IdentifySinks function is an integer grid with each sink or depression assigned a unique 
value. Sinks are numbered between 1 and the number of sinks. Input data for the 
IdentifySinks function is the flow direction output. A sink is a cell or set of spatially-
connected cells whose flow direction cannot be assigned one of the eight valid flow 
direction integer values. This can occur when all neighboring cells are higher than the 
processing cell, or when two cells flow into each other creating a two-cell loop. 
Sinks are considered to have undefined flow directions and are assigned a value that 
is the sum of their possible directions. To produce an accurate representation of flow 
direction and subsequently accumulated flow, data should be used that is free of sinks. A 
DEM that has been processed to remove all sinks is referred to as a "depressionless DEM." 
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Sinks in DEMs are most commonly due to sampling or rounding errors in the elevation data, 
although naturally-occurring sinks are found in glacial and karst areas (ESRI, 1999) and can 
occur in elevation data with a cell size of 10 meters or larger (Mark, 1988). 
Step three used the FillSinks function and the original watershed DEM input data to 
create a filled or depressionless DEM. Cells in the original watershed DEM input data that 
have been identified as sinks have cell elevation or z values that are less than all eight 
neighboring cells. A sink is filled when its cell z values are increased to the highest z value 
of the neighboring non-sink cells, creating a surface elevation at the former sink location 
that will not hinder simulated flow conditions. However, when a sink is filled, the 
boundaries of the filled area may create new sinks which are then filled by the FillSinks 
function (ESRI, 1999). 
Step four used the Flow Direction function and the filled DEM output from the 
FillSinks function operation in step three as input data. This operation produced new flow 
direction grid output that has valid flow direction integer values for all cells in the grid. The 
output is denoted in this study as "flow direction 2" since the Flow Direction function was 
used for a second time with different input data. 
Step five used the Flow Accumulation function to calculate the number of upslope 
cells flowing to a location. The Flow Accumulation function uses the flow direction 2 
output as input data and creates a grid of accumulated flow to each cell by accumulating the 
weight for all cells that flow into each downslope cell (Fig. 6). The accumulated flow value 
is based on the number of cells flowing into each cell in the output flow accumulation grid. 
The current processing cell or "cell of interest" is not considered in this accumulation. 
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Output cells with high flow accumulation values are areas of concentrated flow and may be 
used to identify stream channels (note grayed cells in Flow Accumulation grid in Fig. 6). 
Conversely, the output cells with a flow accumulation value of zero are local topographic 
highs and may be used to identify ridges (ESRI, 1999). 
Step six used the StreamN etwork function and the flow accumulation output as 
input data to generate the estimated surface flowpaths . This function applies the cell 
threshold value of 100 to subset cells with a high accumulated flow as described in ESRI 
(1996, 1999). The cell threshold application determines that all cells that have more than 
100 cells flowing into them are assigned the value 1. Increasing or decreasing the cell 
threshold value will decrease or increase the surface flowpath length, respectively. All other 
cells are assigned "no data" and the linear raster features of the surface flowpaths are 
converted to a vector line coverage that can be used in the overlay analysis. 
Step seven used the Basin function to produce the estimated sub-basin or 
contributing area above a set of cells in the flow direction grid. The StreamNetwork and 
flow direction 2 output was used as input data for the Basin function. The value of each 
sub-basin was taken from the source cell in the source elevation grid or filled DEM. The 
areas are the output of the Basin function, and the cells in the source elevation grid were 
used as outlets above which the contributing area was determined. Subsurface tile drain 
outlets were used as source cells in this study. However, these cells can include any point in 
the stream network, such as dams or stream gauges, for which characteristics of the 
contributing area can be determined (ESRI, 1999). 
21 
After completing the previous seven steps, the GIS overlay analysis process was 
started. This analysis used the output from the StreamN etwork function ( estimated surface 
flowpaths ), Basin function ( estimated sub-basins), and the stream channel, hydric soils, 
subsurface tile drain, and DDSB vector data. The analysis also involved "overlaying" 
different transparent GIS data "layers" to identify and compare relationships of hydro logic 
features among those data layers. The hydrologic modeling functions output ( estimated 
surface flowpaths and sub-basins), stream channel, hydric soils, subsurface tile drain, and 
DDSB coverages used in this study are considered data layers. 
The GIS overlay analysis was conducted for the Bear Creek study area to determine 
how well estimated flowpaths and sub-basins correspond to subsurface tile drains and 
DDSBs, respectively. Eighteen-inch diameter subsurface tile drain systems were selected in 
Hamilton County, Iowa, DDSBs 102 and 216 for comparing flowpath correspondence 
values. DDSBs 102, 124, and 216 also were selected for comparing sub-basin 
correspondence values. For this study, spatial correspondence values were determined from 
GIS overlay analysis results using distance and area relationships expressed in percentages 
for estimated flowpaths and sub-basins, respectively. These correspondence values for 
estimated flowpaths and sub-basins were compared for 30- and 80-m DEMs. 
The surface flowpath correspondence value (CF) indicates the percent of the 
designated subsurface tile drain segment length in which an estimated surface flowpath lies 
within 30- or 80 m (one grid unit for 30- or 80-m DEMs) on either side of the respective tile 
drain segment. CF values were derived from the following equation (1): 
CF= total estimated flowpath length (m) within one grid unit of tile drain 
total tile drain length (m) (1) 
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Sub-basin correspondence was determined using two quantitative values, the sub-
basin area correspondence value (CsA) and the sub-basin location correspondence value 
(CsL). The CsA value indicates the percent of the designated DDSB area estimated and is 
derived from the following equation (2): 
CsA = total estimated sub-basin area (km2) 
total DDSB area (km2) (2) 
The CsL value indicates the percent of the estimated sub-basin area that lies within 
the designated DDSB boundary. CsL values were derived from the following equation (3): 
CsL = estimated sub-basin area (km2) within DDSB boundary 
total estimated sub-basin area (km2) 
Results 
(3) 
The GIS overlay analysis results comparing estimated surface flowpaths and 18-in 
diameter subsurface tile drain systems showed CF values to be 78% and 50% for DDSBs 
102 and 216, respectively, using 30-m DEM data (Fig. 7). The 80-m DEM results showed 
CF values to be 0% and 10% for DDSBs 102 and 216, respectively (Fig. 8). The results 
comparing estimated sub-basins and DDSBs using the 30-m DEM showed CsA values to be 
88%, 85%, and 86% and CsL values to be 98%, 91%, and 94% for DDSBs 102, 124, and 
216, respectively (Fig. 9). Sub-basin correspondence results using 80-m DEM data showed 
CsA values to be 18%, 83%, and 18% and CsL values to be 95%, 67%, and 30% for DDSBs 
102, 124, and 216, respectively (Fig. 10). 
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Discussion 
The Bear Creek study area 30-m DEM data produced good flowpath 
correspondence results with CF values of78% and 50% for DDSBs 102 and 216 subsurface 
tile drain systems, respectively (Fig. 7). Fig. 7 also shows generally good spatial 
correspondence of estimated surface flowpaths to other subsurface tile drains and stream 
channels in the watershed study area. However, a reduction in flowpath correspondence is 
shown in the DDSB 216 tile drain system that increases toward the upper end of the tile 
segment. This reduction also is reflected in the 28% lower CF value compared to DDSB 
102 flowpath correspondence results. 
Fig. 2 shows the DDSB 216 tile segment passing through large depression soils 
areas (indicating pre-settlement wetland complexes that are noted in historic drainage 
records) in the upper reach of that drainage system. Richardson and Gatti (1999) reported 
that hydrologic modeling with 30-m DEMs tended to be less accurate in low-relief areas 
indicated by large wetland complexes and artificial drainage. Wang and Yin (1998) also 
found surface flowpath estimation generally improved with increasing terrain complexity at 
both 30- and 80-m DEM scales. 
Conversely, the 80-m DEM data produced poor flowpath correspondence results 
with CF values of 0% and 10% for DDSBs 102 and 216 subsurface tile drain systems, 
respectively (Fig. 8). Fig. 8 also shows overall poor spatial correspondence of estimated 
flowpaths to other subsurface tile drains and stream channels in the watershed study area. 
Only a slight correspondence of the estimated surface flowpath to the stream channel begins 
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to emerge in the extreme lower reach of the study area in Fig. 8. Wang and Yin (1998) 
found significantly better surface flowpath estimates were derived from 30-m scale DEMs 
compared to lower resolution DEMs. 
The 30-m Bear Creek study area DEM data also produced good sub-basin 
correspondence results (Fig. 9). CsA values were 88%, 85%, and 86% and CsL values were 
98%, 91%, and 94% for DDSBs 102, 124, and 216, respectively. Fig. 9 also shows the 
estimated sub-basins fit the DDSB areas reasonably well using the 30-m DEM. However, 
the 80-m DEM results showed poor sub-basin correspondence with CsA values of 18%, 
83%, and 18% and CsL values of95%, 67%, and 30% for DDSBs 102, 124, and 216, 
respectively (Fig. 10). Although DDSB 124 has seemingly plausible CsA and CsL values, 
Fig. 10 shows the poor fit of this estimated sub-basin, as well as the poor fit of estimated 
sub-basins in DDSBs 102 and 216. 
Richardson and Gatti (1999) suggested the use of higher resolution DEMs would 
increase the accuracy of delineating sub-basin boundaries. Although use of the more 
detailed 10-m DEM may enhance the estimation of surface flowpaths and sub-basins, the 
availability of this digital elevation data currently has limited coverage in Iowa (USGS, 
2000). Furthermore, the establishment of subsurface tile drain networks and DDSB 
boundaries is subjective, and the level of subjectivity can increase in low-relief areas (U. S. 
Tim, per comm.). While the use of higher resolution DEM data may provide for improved 
estimates of surface flowpaths and sub-basin divides, these estimates may not necessarily 
improve the spatial correspondence to subsurface tile drains and DDSBs, respectively, 
especially in low-relief areas. This may be due to the apparent arbitrary establishment of 
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some of these hydrologic features, which is illustrated by the squared-off boundaries of 
DDSBs 102, 124, and 216 (Fig. 9) and possibly the reduced flowpath correspondence in the 
upper reach ofDDSB 216 subsurface tile drain segment (Fig. 7). 
The results of this GIS hydrologic modeling and overlay analysis indicate the Bear 
Creek study area 30-m DEM may provide sufficient data resolution for estimating surface 
flowpaths and sub-basins that approximate subsurface tile drains and DDSBs, respectively. 
Therefore, further research should be considered to determine benefits and limitations of this 
GIS hydrologic modeling approach for estimating surface flowpaths and sub-basins in other 
central Iowa watersheds. 
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Table 1. Sources of GIS digital data layers for the Bear Creek watershed study area, central 
Iowa, USA. 
Digital data layer Source 
DEMS, 30- and 80-m grid cell size USGS, http://mapping.usgs.gov 
Hydric soils vector coverage NRCS, www.igsb.uiowa.edu/nrgis/county .htm 
Other Bear Creek vector coverages Department of Forestry, Iowa State University 
Table 2. Arc View Spatial Analyst GIS hydrologic modeling functions and input/output 
data designations. 
Functions Input data Output data 
1. Flow Direction DEM Flow direction 
2. IdentifySinks Flow direction Identify sinks 
3. FillSinks Identify sinks/DEM Filled DEM 
4. Flow Direction Filled DEM Flow direction 2 
5. Flow Ace um ulation Flow direction 2 Flow accumulation 
6. StreamN etwork Flow accumulation Estimated surface 
flowpaths 




Fig. 1. Bear Creek watershed and study area, central Iowa. 
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Fig. 2. Hydric soils, stream channels, subsurface tile drains, and drainage district sub-basins 
(bolded outlines) overlay of Bear Creek study area, central Iowa. Study area hydric soil 
types include depression soils Okoboji and Harps and upland channel soils Webster, 
Coland, Terril, and Canisteo. Depression soils associated with some upland/channel soils 
indicate areas of lower topographic relief. Other upland/channel soils associated with 
stream channels and subsurface tile drains indicate higher topographic relief areas. 
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Fig. 3. Clipped DEM of Bear Creek watershed (right) from Iowa DEM (top) from 
http:/ /mapping. usgs. gov. 
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Fig. 4. Elevation grid (DEM) with hypothetical elevation values in meters (left) and 
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Fig. 5. Elevation grid (DEM) conversion to FlowDirection grid. Small arrows in DEM 
denote steepest elevation descent and delineate a surface flowpath. The directions of 
small arrows in Flow Direction grid are numerically indicated by flow direction integer 
values. 
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Fig. 6. FlowDirection grid conversion to Flow Accumulation grid. Small arrows denote 
flow directions in FlowDirection grid. Seven shaded cells flow into the heavily-bordered 
"cell of interest" in the Flow Direction grid, resulting in the respective flow accumulation 
cell value in the FlowAccumulation grid. In the Flow Accumulation grid, shaded cells 
and large arrows indicate concentrated flowpath. 
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Fig. 7. Estimated surface flowpaths, stream channels, subsurface tile drains, and tile 
outlets overlay of Bear Creek study area, central Iowa, using 30-m DEM. Flowpath 
correspondence values (CF) indicate the percent of the designated tile drain segment length 
in which an estimated surface flowpath lies within 30-m (one grid unit) on either side of 
the respective tile drain segment. CF values are shown for estimated surface flowpaths and 
18-in diameter tile drain systems in respective elliptical areas. 
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Fig. 8. Estimated surface flowpaths, stream channels, subsurface tile drains, and tile 
outlets overlay of Bear Creek study area, central Iowa, using 80-m DEM. Flowpath 
correspondence values (CF) indicate the percent of the designated tile drain segment length 
in which an estimated surface flowpath lies within 80-m ( one grid unit) on either side of 
the respective tile drain segment. CF values are shown for estimated surface flowpaths and 
18-in diameter tile drain systems in respective elliptical areas. 
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Fig. 9. Estimated sub-basins (shaded), drainage district sub-basins (bolded outlines), 
estimated flowpaths, stream channels, and subsurface tile drains overlay of Bear Creek 
study area, central Iowa, using 30-m DEM. Sub-basin correspondence values indicate 
percent of drainage district area estimated (CsA) and percent of estimated sub-basin area 
that lies within respective drainage district boundary (C5L). 
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Fig. 10. Estimated sub-basins (shaded), drainage district sub-basins (bolded outlines), 
estimated flowpaths, stream channels, and subsurface tile drains overlay of Bear Creek 
study area, central Iowa, using 80-m DEM input data. Sub-basin correspondence values 
indicate percent of drainage district area estimated (CsA) and percent of estimated sub-
basin area that lies within respective drainage district boundary (C8L). 
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GENERAL DISCUSSION 
Surface water in the United States is a severely impacted natural resource due to 
nonpoint source pollution, and agriculture accounts for 64% of this pollution (Welsch, 
1991). Consequently, the accurate evaluation of watershed hydrologic flow processes has 
become increasingly important for siting effective water resource management strategies 
such as wetlands for water quality improvement. Although the use of computer hydrologic 
models have replaced some traditional site evaluation methods, many models have become 
too complex and difficult to use (Reungsang, 1998). Recently, the integration ofhydrologic 
models and GIS significantly improved simulation model usage by allowing modelers to 
more efficiently manage and analyze large volumes of hydrologic data (Stuebe and Johnston, 
1990). 
The results of this study indicate the application of GIS hydrologic modeling 
functions with 30-m DEM data produced better estimates of surface flowpaths and sub-
basins that approximated subsurface tile drains and DDSBs, respectively, compared to using 
80-m DEM data for the Bear Creek watershed study area. Wang and Yin (1998) found 
similar results after comparing 20 West Virginia flowpath networks derived from DEMs at 
two different scales. Although Richardson and Gatti (1999) reported similar results with 
sub-basin estimates, they also found hydrologic estimates using 30-m DEMs were less 
accurate in low-relief areas. These findings tend to agree with the reduced flowpath 
correspondence results along the lower-relief upstream section of the DDSB 216 subsurface 
40 
tile drain segment from this study. Also, Wang and Yin (1998) reported that surface 
flowpath estimation generally improved with increasing terrain complexity. 
The location of a watershed relative to remnant glacial surface features may provide 
an indication as to terrain complexity and, subsequently, surface flowpath and sub-basin 
estimation potential. The Bear Creek watershed is located on the southeast end moraine 
margin of the Altamont glacial advance. In the Des Moines Lobe landform, end moraine 
areas have higher-relief ridges and "knob and kettle terrain," while glacial advance uplands 
are generally areas of low relief (Prior, 1991). Surface flowpath and sub-basin estimation of 
glacial end moraine watersheds could be accomplished with sufficient accuracy using 30-m 
or lower resolution DEMs, whereas watersheds in low-relief glacial advance uplands may 
require higher resolution DEM data. 
Elevation data resolution has been identified by several researchers as an important 
factor in the hydrologic modeling process (Wang and Yin, 1998; Richardson and Gatti, 
1999; Cochrane and Flanagan, 1999). Richardson and Gatti (1999) suggested the use of 
higher resolution DEMs would increase the accuracy of delineating sub-basin boundaries. 
Although use of the more detailed 10-m DEM may enhance the estimation of surface 
flowpaths and sub-basins, current availability of this digital elevation data is limited for Iowa 
(USGS, 2000). Moreover, the establishment of subsurface tile networks and DDSB 
boundaries is subjective, and the level of subjectivity can increase in low-relief areas (U. S. 
Tim, per comm.). This was apparent in the Bear Creek study area, illustrated by the 
somewhat arbitrary establishment of the squared-off DDSB boundaries. While the use of 
higher resolution DEM data may improve estimates of surface flowpaths and sub-basin 
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divides, these estimates may not significantly improve the approximation of subsurface tile 
drains and DDSBs, respectively, especially in low-relief areas. 
Preliminary data from estimating surface flowpaths and sub-basins in some other 
central Iowa watersheds showed similar results to the Bear Creek study area analysis. Since 
much subsurface drainage information for central Iowa is incomplete or non-existent, 
empirical hydrologic assessments for wetland site evaluations can be difficult and unreliable. 
With DEMs, soils, and stream channel data available for free downloading on the Internet, 
this GIS hydrologic modeling process could provide an efficient tool for determining 
potential wetland sites for water quality improvement. Therefore, further research should be 
considered to determine benefits and limitations of this GIS hydro logic modeling approach 
for estimating surface flowpaths and sub-basins in other central Iowa watersheds. 
Suggestions for Future Research 
Several studies have documented the use of various computer hydrologic modeling 
programs that use digital elevation data. However, few reports exist that address the use of 
a GIS hydrologic modeling approach to estimate surface flowpaths and sub-basins in the 
generally low-relief central Iowa region. Some suggestions for future research using GIS 
hydrologic modeling functions and DEM data include: 
1. Conducting statistical treatments using several central Iowa watersheds to compare 
the correspondence of estimated surface flowpaths and sub-basins to subsurface tile 
drains and DDSBs, respectively. 
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2. Using GIS hydrologic modeling functions to delineate an entire watershed DEM 
boundary as opposed to using a pre-delineated watershed boundary coverage to clip 
the DEM data. Preliminary results have shown the former procedure provides better 
surface flowpath and sub-basin estimates than clipped DEM data. 
3. Comparing 10- and 30-m DEMs to determine benefits and limitations of using higher 
resolution elevation data for estimating surface flowpaths and sub-basins. 
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